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PURPOSE:To improve water resistance and chemical resistance by specifying the Ca content in an AIN 
sintered body essentially comprising AIN and containing Er203. 

CONSTITUTION:AIN source material powder having 1-1.5mum average particle size, l-1.5wt.% oxygen 
content, and <=0.1wt.% metal impurity ami except for Al is mixed with a powder of oxides of group 3a 
elements in the periodical table. The mixture is molded and sintered at 1800-2000 deg.C in a nitrogen 
atmosphere or the like to obtain an AIN sintered body containing 0.5-15wt.% Er203 and <=300ppm Ca. 
If necessary, this sintered body is manufactured as a substrate 1 . On the surface of the substrate I, a 
metal wiring layer 2 in which 0.5-1 0wt.% of metal such as W, Cu, etc., or AiN, AI203 is compounded is 
formed to 15-20mum thickness, and further a plating layer 3 such as Ni and a plating layer 4 such as Au 
are formed and sintered to obtain an aluminum nitride substrate having a metal wiring layer. 
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[Title of the Invention] 

ALUMINUM NITRIDE-BASED SUBSTRATE 
[Abstract] 

[Configuration] An aluminum nitride-based substrate comprising an 
aluminum nitride-based sintered body having aluminum nitride as a 
main composition and containing 0.5 to 15% by weight (in terms of oxide) 
of a group Ilia element in the periodical table, wherein an amount of Ca 
contained in the sintered body is 300 ppm or less in terms of oxide, and a 
metal wiring layer 2, plating layers 3 and 4 are sequentially formed on 
the surface of the substrate 1. 

[Effect] The substrate can provide improved water resistance, suppressed 
water absorption, and high chemical resistance to acid and alkali; 
therefore, it is possible to reduce influence of water, acid and alkali at the 
time of producing the substrate, expand selectivity of chemicals at 
production processes, and enhance reliability in production of a 
semiconductor component and the like. 

[Claim] 

1. An aluminum nitride-based substrate comprising an 
aluminum nitride-based sintered body having aluminum nitride as a 
main composition and containing 0.5 to 15% by weight of Er203, wherein 
an amount of Ca contained in the sintered body is 300 ppm or less. 



[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The present invention relates to an aluminum nitride-based 
substrate suitable for an insulating substrate of a package or the like for 
mounting semiconductor devices thereon and excellent in water 
resistance and chemical resistance. 
[0002] 
[Prior Art] 

Aluminum nitride has been known as a non-oxidizable ceramic 
material with high strength similarly to silicon nitride, silicon carbide 
and the like. On the other hand, it has been expected to be a material 
excellent in thermal conductivity and its application to a substrate to 
dispose semiconductor devices thereon has been promoted. 
[0003] 

The aluminum nitride itself is difficult to be sintered, so that a 
variety of sintering aids are added to carry out sintering. For example, 
as sintering aids, a group Ilia element in the periodical table such as 
Y2O3, an alkaline earth oxide such as CaO are added and firing is carried 
out at a temperature of 1600 to 1950°C in non-oxidizing atmosphere to 
obtain such a sintered body. 
[0004] 

Among the sintering aids, CaO reacts with, for example, Y2O3 to 
lower the liquid phase formation temperature and give a high density 
sintered body by low temperature sintering; therefore, it is used in many 



cases. 
[0005] 

On the other hand, in the case of producing a substrate to be used 
for semiconductor parts or the like, a wiring layer is formed by either 
applying and baking a metallization paste or by a thin film formation 
method after the surface of the substrate is washed in an alkaline 
solution of such as NaOH prior to the formation of a metal wiring layer 
on the surface of an insulating substrate. After that, in some cases, 
plating may be carried out. In such cases, in order to remove organic 
substances adhering to the surface before the plating, pretreatment by an 
alkaline washing agent of mainly NaOH, KOH or the like is carried out. 
[0006] 

[Problems to be Solved by the Invention] 

When a substrate is produced from a conventional CaO-containing 
aluminum nitride-based sintered body, corrosion is significant when 
treatment with alkali is carried out as described above and it is found 
there occurs a problem that the reliability of the wiring on the corroded 
surface of a package or the like is deteriorated. 
[0007] 

Further, in the case of keeping an obtained substrate in high 
temperature atmosphere, water is adsorbed in the surface of the 
substrate and pseudo-leakage takes place. 
[0008] 

[Means for Solving the Problems] 

Based on the investigations into the causes of the 



above-mentioned phenomena, the present inventors have found that 
compounds which are produced by reaction of a CaO composition 
contained in a sintered body with A1N or other additives are inferior in 
chemical resistance. Especially, in a case that they exist mainly in grain 
boundaries of a sintered body, such phenomena are serious. Accordingly, 
it is found that such phenomena are solved by controlling the CaO 
amount to be a prescribed ratio or less. 
[0009] 

That is, the present invention provides an aluminum 
nitride-based substrate comprising an aluminum nitride-based sintered 
body having aluminum nitride as a main composition and containing 0.5 
to 15% by weight of Er2C>3, wherein an amount of Ca contained in the 
sintered body is 300 ppm or less. 
[0010] 

Hereinafter, the configuration of the present invention will be 
described in detail. A substrate of the present invention contains mainly 
aluminum nitride and further a group Ilia element in the periodical table 
as an addition component. The group Ilia element is contained in an 
amount of 0.5 to 15% by weight in terms of oxide. The group Ilia 
element-containing compound is an indispensable component to increase 
the density of a sintered body and when the amount is smaller than 0.5% 
by weight, it is difficult to increase the density of a sintered body and at 
the same time the thermal conductivity is decreased. When it exceeds 
15% by weight, the thermal conductivity of a sintered body is 
significantly decreased since the quantity of the grain boundaries in a 
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sintered body is increased. Noted that it is proposed to obtain a sintered 
body of an aluminum nitride with a high purity by a method of firing for 
densification after adding a proper amount of a sintering aid to raw 
materials and then evaporating the additive. However, according to the 
present invention, existence of the above-mentioned group Ilia element 
compound in the above-mentioned range is important to increase the 
adhesion strength to a wiring layer in the case of using the sintered body 
as a substrate. 
[0011] 

In the present invention, examples of the group Ilia element to be 
used include Sc, Y, Er, Yb, Dy, Ho, Ga, La and the like. In view of 
chemical resistance and water resistance, Er is most desirable. 
[0012] 

Further, an aluminum nitride-based substrate according to the 
present invention may contain compounds of group IVa, Va, Via, Vila and 
VIII elements in the periodical table to the above-mentioned system. 
They are especially effective to blacken the substrate and examples 
thereof include Ti, V, Nb, Mo, W, Co and Ni. Especially effective 
elements among them are Mo and W. They may be contained in a ratio 
of 0.05 to 1% by weight in a sintered body. 
[0013] 

It is most important for the aluminum nitride-based substrate 
according to the present invention to contain Ca in an amount of 300 ppm 
or less, more preferably 200 ppm or less, in the sintered body. The 
reasons for the restriction of the Ca amount in the range are as follows. 
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That is, when the Ca amount exceeds 300 ppm, the chemical resistance 
and the water resistance of the substrate are significantly deteriorated 
and the substrate is corroded in a cleaning process in the case of 
formation of a metallized layer and/or a plating layer on the surface and 
the surface is roughened and water is easily adsorbed in the substrate 
surface and pseudo-leakage takes place in a He leakage test and 
accordingly the reliability of the substrate is considerably deteriorated. 
[0014] 

Further, the substrate of the present invention may contain a rare 
earth metal-aluminum compounded oxide such as erbium-aluminate 
other than aluminum nitride when observed by x-ray diffractometry. In 
some cases, blackening components can be detected; however, it is 
required that no alkaline earth -aluminum compounded oxide such as 
CasAl206 is detected in the case CaO or the like is added. 
[0015] 

Further, in the case where the aluminum nitride-based substrate 
of the present invention is used for a semiconductor component, as shown 
in Fig. 1, a metal wiring layer 2 of a metal such as W, Mo or Cu with a 
thickness of 15 to 20 jam and optionally containing aluminum nitride, an 
auxiliary component, or AI2O3 in a ratio of 0.5 to 10% by weight may be 
formed and a plating layer 3 of Ni may be formed on the metal wiring 
layer 2 and a plating layer 4 of Au may be formed on the plating layer 3. 
[0016] 

Next, a method for producing the aluminum nitride-based 
substrate of the present invention involves mixing an oxide powder of a 
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group IIIA element in the periodical table and, in some cases, the 
above-mentioned blackening agent in the above-mentioned ratios with 
the aluminum nitride raw material powder. As the aluminum nitride 
raw material powder to be used in this case preferably has an average 
particle diameter of 1 to 1.5 |im, the oxygen content of 1 to 1.5% by weight, 
and an amount of metal impurities except for Al 0.1% by weight or less 
and the amount of C a in the aluminum nitride is preferably 200 ppm or 
less. 
[00171 

It is required to suppress the amount of Ca including one derived 
from the above-mentioned aluminum nitride powder, the additives and 
impurities to 300 ppm or less. 
[0018] 

A mixed powder obtained in such a manner is formed into a 
prescribed shape by sheet forming method by press-forming, injection 
forming, extrusion forming and doctor blade method. 
[0019] 

The formed body obtained as described above is fired at a 
temperature of 1800 to 2000°C in non-oxidizing atmosphere of nitrogen or 
the like. When the firing temperature is lower than 1800°C, a dense 
sintered body cannot be obtained. Whereas, when it exceeds 2000°C, 
due to the decompose of aluminum nitride, surface of a sintered body is 
roughened. 
[0020] 

It is noted that, in the case of producing a substrate bearing a 
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metal wiring layer, the sintered body obtained by the above-mentioned 
method is previously sufficiently washed with an alkaline type washing 
agent and then a metallization paste containing a metal powder of W, Mo, 
Cu or the like is applied to the surface of the sintered body and baked in 
N2 atmosphere or mixed gas atmosphere of N2 and H2. Further, as 
another method, a metallization paste containing a metal powder of W, 
Mo or the like is applied to the surface of a formed body and then the 
formed body and the paste are fired together at 1800 to 1900°C in N2 
atmosphere or mixed gas atmosphere of N2 and H2 to form a metal wiring 
layer. 
[0021] 

In this case, other than the metal components, aluminum nitride, 
the above-mentioned auxiliary components or AI2O3 may be added in an 
amount of 0.5 to 10% by weight during the metallization to further 
increase the strength of the metallized layer. 
[00221 

Generally, plating layers of Ni, Au and the like are formed on the 
metallized layer formed on the surface of the sintered body as described 
above. In such a case, the aluminum nitride-based substrate on which 
the metallized layer is formed is washed with alkali or acid and, then, the 
plating layers are formed by electroplating or electroless plating method. 
[0023] 

Further, in the case where the metal wiring layer is to be formed 
by a thin film formation method, after the above-mentioned aluminum 
nitride-based substrate is washed with acid or alkali, a thin film layer of 
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Ti, TiW, Cu, NiCr, Pr, Au with a thickness of 0.5 to 10 ^im is formed 
directly on the substrate surface by sputtering or after formation of a 
resin layer of polyimide or the like and then subjected to etching with an 
acid to form a wiring layer. In the case that multilayer wiring layers are 
to be formed, the above-mentioned processes are repeatedly executed. 
[0024] 

[Operations] 

According to the present invention, since the substrate contains a 
prescribed amount of a compound of a group Ilia in the periodical table 
element and has an amount of Ca controlled to a prescribed level or less, 
the corrosion by water in humid atmosphere can be suppressed and the 
substrate is provided with high chemical resistance to acid or alkali such 
as NaOH, HF, HC1, H3PO4 and the like and the aluminum nitride-based 
substrate is resistant to corrosion even if the substrate is pre-treated 
with alkali in the case of plating treatment and the thin film layer on the 
substrate is etched with acid or the like in the case of forming the metal 
wiring layer by the thin film formation method. Accordingly, the 
selectivity to various chemicals in the production processes can be 
expanded. 
[0025] 

Further, since the aluminum nitride-based substrate of the 
present invention has a low water absorption attributed to excellent 
water resistance, pseudo-leakage in a He leakage test in the case of 
air-tight sealing in production of a package or the like can be suppressed 
and the reliability of the substrate as a semiconductor component can be 



increased. 

[0026] 

[Example] 

As a raw material powder, an aluminum nitride raw material 
powder having an average particle diameter of 1 |-im, an oxygen content of 
1.0% by weight, and an amount of cationic impurities other than Al of 
0.1% by weight or less (in the amount, the Ca amount is 200 ppm or less) 
was mixed with a group Ilia element in the periodical table (purity of 
99.9% or more) with an average particle diameter of 0.8 [lm shown in 
Table 1 and other blackening components in the ratios as shown in Table 
1 and the resulting mixtures were formed respectively in tablets of 20 
mm<|> by press forming. 
[0027] 

Each formed body was fired at 1800 to 1900°C in nitrogen for 3 to 
5 hours to obtain an aluminum nitride-based sintered body with 99% or 
more relative density. In order to adjust the Ca amount, CaCOs powder 
was used for properly suppressing the Ca amount in the sintered body. 
[0028] 

The amount of metals other than Al was measured by ICP 
emission photospectrometry for each sintered body and the thermal 
conductivity of each sintered body was measured using a 3 mm-thick 
sample by laser flush method. 
[0029] 

(Acid, alkali test) 

The weight change before and after a test of immersion each 
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sintered body in an aqueous 4 N NaOH solution at 70°C for 1 hour was 

measured. 

[0030] 

It is noted that, with respect to the samples No.l and No. 7 within 
the range of the present invention and a sample No. 4 with the Ca 
amount out of the range of the present invention, the weight change 
during the immersion at a room temperature in the above-mentioned test 
was shown in Fig. 2. Similarly, the weight change in relation to the 
immersion duration in an aqueous 1 N H3PO4 solution (at room 
temperature) and an aqueous 40% HF solution (at room temperature) are 
shown in Figs. 3 and 4. 
[00311 

(Temperature and humidity cycle test) 

A 10 times-repeated cycle test between -10°C and +60°C was 
carried out in the condition that 10 V bias voltage was applied to the 
wiring formed on each substrate obtained by forming a 20 jxm-thick W 
layer, a 4 pm-thick Ni layer and a 2 jam-thick Au layer on each aluminum 
nitride-based sintered body to evaluate occurrence of Ni corrosion in the 
wiring layer on completion of the test. 
[0032] 

(He leakage test) 

A package produced by using each aluminum nitride-based 
substrate of the present invention was kept in He atmosphere 
pressurized to be 60 Psi for 2 hours and then the amount of elements in 
the cavities of the package was measured. 
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[0035] 

According to the results shown in Tables 1, 2 and Figs. 2, 4, when 
the Ca amount exceeds 300 ppm, the chemical resistance was found 
significantly deteriorated. Further, the thermal conductivity was 
decreased for the samples No. 5 and No. 11, which were out of the range 
of the amount of the group Ilia element in the periodical table in the 
present invention. 
[0036] 

Meanwhile, any of the samples of the present invention showed a 
thermal conductivity as high as 130 W/mK or more and high chemical 
resistance and water resistance as well. 
[0037] 

[Effect of the Invention] 

As described above in detail, an aluminum nitride-based sintered 
body of the present invention contains a prescribed amount of a group 
Ilia element compound in the periodical table and has a Ca amount 
suppressed to a prescribed level or less, so that the water resistance is 
improved and the sintered body is provided with high chemical resistance 
to acid or alkali such as NaOH, HF, HC1, H3PO4 and the like. 
Accordingly, the aluminum nitride-based substrate is resistant to 
corrosion even if the substrate is pre-treated with alkali in the case of 
plating treatment and a thin film layer on the substrate is etched with 
acid or the like in the case of forming the metal wiring layer by the thin 
film formation method; therefore, the substrate is provided with high 
reliability as a semiconductor component for a package housing 
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semiconductor devices. 

[Brief Description of the Drawings] 

Fig. 1 is a cross-sectional view of an embodiment of an aluminum 
nitride-based substrate of the present invention. 

Fig. 2 is a graph showing the relationship between the immersion 
duration in an aqueous NaOH solution and the weight change of a 
sample. 

Fig. 3 is a graph showing the relationship between the immersion 
duration in an aqueous H3PO4 solution and the weight change of a 
sample. 

Fig. 4 is a graph showing the relationship between the immersion 
duration in an aqueous HF solution and the weight change of a sample. 
[Explanation of Symbols] 

1 substrate 

2 metal wiring layer 
3, 4 plating layer 

Translation of the figure 
Figs. 2, 3, 4 

Lateral axis: WEIGHT DECREASE(Mg) 
Horizontal axis: DURATION(Hr.) 
[Amendment] 
[Claim] 

1. An aluminum nitride-based substrate comprising an 
aluminum nitride-based sintered body having aluminum nitride as a 
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main composition and containing 0.5 to 15% by weight (in terms of oxide) 
of a group Ilia element in the periodical table, wherein an amount of Ca 
contained in the sintered body is 300 ppm or less. 
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Ctl6B. #«CS«?:||fe<fc^-5©«CW?5(l-C*>0. 
^i*WK:«. Ti. V. Nb. Mo. W. Co. N i f£ 

£'*iW^.n. cti6©4>rfeMo. w*i»{cwsarc4) 
40 -5. cn6(ij^M(**«:0. 0 

[0013] *«W©fi{b7*3 A®»CJ:ftti. 
*OiS£Bfl!'l'ic$*h4C al*3 0 0 p pm«T. *5f 
(C2 0 0 p pmWTT*5Ci*iStliT*4. Ca 
fi£_hie©S5BiC|©5gOfc©W:. Cal*i30 0 p p m 
iMx. *> £ . S&OttXAttfc.fcOWftttfts** < ^{b 

•r*»^K:*fi»riJlE»XHit»«:r»fi*«Ai/. S«© 
Ih^icsi £fc«cStg^®cc^*5©^i>-?>T< % 
so He y-^KKtcfctirglH'J-^^u. *S© 



3 

(Witt*** < »ta 

[ 0 0 1 4 ] 3 6CC, *ft£0S£KXffl39f»£ec<t: 

SftT^SJa^oKfflgftiCa, Al, O s tt&'CDT 

«r*SW*»o a attiir«cafflr Hl«:5*-rj:9 
SIRloSHHtcW. Mo. Cufti'OiK, ti^Cc 

if* o . 5-io mm%<Dm^vfc£ Ltc&m&mM 2 

£ 1 5-20/1 m<D«*rj&fi£ 0 , $ 2 
±KN i KZfrhtzZS -^13, 3 3 

1. Sum. m^m^ 1 - 1 . 511%, A 1 

0. lll%«T'C*4Ci*S2iU^ 
WKHfbTJUS x^A4HC^£*i£C al^2 0 0 

[0 0 1 7 ] Sfc, ±K»fbTX'5 x J; CfiR 

Wl^^p^^lC^OiBAWft. CaW30 
Oppm JMT6C ft 5 <fc 5 CC $IJ3PT * C t h 2> . 

[0018] c©<t^ «cur»6tifcfi^»**^u^ 

C 0 0 1 9 ] ±IS©<£ 5CC LTf#&*ifcl^«*S3fttr 

<5f<D#fflMbtt#H£W»r 1800-2000 *coiagr 

«ft«IS#*»4C<t*Jr*r. 2 0 OO'C^ix^d: 
[0 02 0] ft**, &«EtU^JSS3nfc^*fm 

W, Mo, Cu&^3&>^&a*K»5RS:dtf>^7-rX 

Mo^*±*©^»**StM*5^X^-* h*m 
N, iH, i<Dzg^#Hm*ri 8 0 0- 1 9 0 0'CCD 

sawn mc^sr ^ c i k j: o 9 6 n ^ o 

[0 0 2 1 ] COB=M ji 7 X4»CCA«JSE»aj1- 



(3) 1fg§¥6-48 84 0 

4 

^^br;U^-^A^Mil?L^ffi!lSRM^^/cWA 1, O 

3 tttfto. 5-1 osi%osfl^ri^§-ery*5 

[0 0 2 2] iI5ft. ±B2©<fc3fc LT^ftSffiCCJB/SE 
S*ifcy*^-fXJH-BCttN i . A u 

[0 0 2 3 ] $ PM&tc J: Q&JREflUI*^? 

10 tt, fr3»ufc»br;i/5-'jAS«*K-f>T^ 

^cCi'^CtOO. 5- 1 0 /imCDil^CDT i , TiW. 
Cu, NiCr, Pr, A u tt^e ttSWBBB*JB« 

3^JBiE»H*3!BflE'i:4tl'&K:« % _b§axH£|£ 

[0 0 2 4] 

20 m^*WJE*fitr& Cag£^£MferBt 
*W«IT*iifcCC. §K<DNaOH, HF. HC 1 . 

h 3 po< tj;£<dwi % r^tfV^cMLxm^m&tti: 

S^MIBOTA^yccjcSiW^ *4t>BW«SCC 
J: 0 &KE«fl*^a-rsiB<DSCtiOK«: £0C J: SgH 
JB© x 5i * > £ * ** c ft o T fc»bT & 
»E#«ft S ft S C £ < , «JftXS«:*5 W 

30 [0 0 2 5]$^ **9BOMbr 5 x $ AfSfi 

^He y-^WrcDJKffly--^0#6ft*««WL, * 
[0 0 2 6 ] 

1. 011%, A 1 fel^©»-<*>^FK»*0. Ill 
%i^T(^^, Cai20 0 ppmHT) ©»br^5 
-^AMfW^i, gnc^TW^O. 8 Mm© 
40 ffi(Bftfttt3 aKTcXMbtt 9. 9««±> , 

^^Df&JIfe^b^^^a 1 <DS<l-£ t ft S J: 5 ccsiig-^ 
U, Cti*^U^fiSJ^CCj:f5 2 0mm*<O^^U5P HO 

[0 02 7 ] COJaEJB**fflR*ri 8 0 0-1 900 

•cotag-c 3 - 5 b$h iB&s l x m&s&w 9 9 %vj±<o 

»br;l/5^^AJ|*aSt**»fc. CaSCDISS 
(Dtc&ltCC a CO, ^fflC^SI^moCai 

[0028] ?#e>n/c^ts^cc*f or 1 c pi%^^*^ 



(4) 



6-48840 



5 v ^ office J: OlSr 3 m 

[0 02 9] (8, TJl/*yBW) 3 cn62>& 
l£tt£igg4N, SS7 0"C©NaOH*i8SP£«C 1 B# 

[0 0 3 0 ] ft*5, «cfa. **W B B ot*5K»No. 1 , 
It, Ca**s*«K©J6H<tO^C»K*4No.4CCOt» 

<D«fl«t*m*H s PO« 7k^f?S (£&) . £tc40% 



10 



! [0 03 1 ] (jaaa^^^^sw) swbr^si^A 

«8»»<oaiffiCCW«2 0 Mm, Nil4/im, fcitfA 
uJi2 Mm*JBflEl/fc*tR©lBa(C 1 0VO;W7^4 

EPfflofcttsrc- i o"c-^+6'o - cmn oi^^ns 

Riffle KK»7a©BE3»««c*jWSN i ao-S/a 

[0 0 3 2] (He y-^SW) *ft?B©^tTJU5i 
fARBIE*fl|C4-Cf¥JSE3tifc^<9^-t?*6 0 p s i 
tcanEU/cHe*H»«:2RPJI0g»a. ^*4r-i*Z>* 

[0 03 3] 
C*l ] 



tt 



«3 



1* 



ft d 



m 



jo 



CO 



-3 



G 
G 

e 
* 

G 
« 

K 

G 

41 
-J 

* 
* 



[0034] 



[«2] 



(5) 



-48840 



No. 


(3t»X) 




ntun 


n e V / 2A w 


a** 


KE t O, 


TT R3 






(&ti cc/sec) 


12 




10 


MoOi 0.5 


200 






•v. ■ u 1A*I 


m L 


13 


Yb,0. 


10 


Mod 0. 5 


200 


156 


11- 1 


> 1 X 10"* 




14 


HosQi 


10 


V,0s 0.5 


200 


148 


12.0 


> 1 X 10 _B 


L 


15 


Dy,0, 


10 


Nb t 0s 0.5 


200 


153 


10.1 


> 1 xlO"* 


**L 


16 


Er,0, 


10 


WO, 0. 5 


200 


164 


5.6 


> 1 X lO"' 


*f L 


17 


Er x O, 


10 


TIO, 0.5 


200 


150 


6.2 


> 1 x 10- 8 





[0 0 3 5 1*1, *2 4o£t^2 7!>^4K:<fcn«:, 
Cal^3 00 ppm £ <t WHD D n1*#*£ < ffiT 
T&c£3&sfo*»4. *fc* ja«»«W3aiS7C*«** 
*9H©ffiHj^©S*»No.5. 1 im JftEa»**SffiT 
bfc 0 20 

[0 0 3 6 ] CtiCC*fLT**IB©KI4«tir*ifc 1 3 

ow/m • k«±oi^iae^^L^^m«ip n a 

[0037] 

»J»rSC4«:<fc0 k »*tt#ft±-rs<!:fcec, NaO 
H. HF, HC1. H, PO,tt£©M, T^*U«cat 
It iSl*l B D a )4^ft4t ^ C <!: t ^ /cfetC, 30 

tfSfeJhfc: ^ * *&l&£?t 5 r ^ * »J cc cfc & mi® 



*J>tt £<D¥&&%$& tLX QAM tt«rX£> £ C 4 #"C « 
S. 

ch i ] #&w<Dm{tT)i>z~oj±mmfo<D-mmM<D 
(a 2 ] Nao H***4»o«««m ttmamasut 

CH3] H, PO, **M*oaWM4K«<0«»SC 
[B4] HF*^*cr>aa^M<kSS*40«aKYtiflE) 

i as 

3,4 ji 



[hi ] 



[B2 1 





ieq- 




140- 




120- 


* 






KD • 




80- 


+ 


eo. 








20- 




0 




0.4 0.6 





imma] ^4^8 m 1 a 
i^mffiiE 1 ] 



^KtinSCalASS OOp pmOTTWCi* 



